Introduction: Technology use is a highly relevant part of everyday occupations and difficulties can lead to challenges among older adults with cognitive impairments. The aim of this study was to review empirical studies reporting on the use of technology for improving performance in everyday occupations and evaluate the effect of training strategies in technology use in older people with mild-stage dementia or mild cognitive impairment. Method: A scoping review methodology was used. Key databases were searched, covering January 2000 to October 2016, to identify studies, which were screened and assessed for inclusion. Results: In total, 14 studies were included. Most studies used quantitative designs with small sample sizes. The methods used to measure performance in everyday occupations differed. Six studies focussed on the use of technology for improving performance. Eight studies evaluated the effect of training strategies in technology use. Conclusion: Although positive effects of technology use and training in technology use have been reported for instrumental activities of daily living outcomes, the evidence supporting the use of technology in enhancing performance in occupations in people with mild-stage dementia or mild cognitive impairment is limited. Future studies should focus specifically on people with mild cognitive impairment, use more rigorous designs and include standardised methods.
Introduction
In 2015 the worldwide prevalence of dementia was estimated at 46.8 million people, which is expected to reach 74.7 million by 2030 (Alzheimer's Disease International, 2015 . Along with dementia, other diagnoses related to impaired cognition such as mild cognitive impairment (MCI) affect the health and everyday life of older adults. The diagnosis of MCI has been acknowledged as an early stage of dementia; however, not all people with MCI develop dementia (Tifratene et al., 2015) . People with MCI have cognitive impairments that are greater than expected for their age but usually have the ability to independently complete basic activities of daily living (ADL). This is in contrast to people with dementia who have cognitive impairments combined with impaired social and/or occupational functioning (Petersen, 2004) .
Occupations are defined as purposeful everyday life activities that have an individual meaning and value to the person (American Occupational Therapy Association, 2014). These occupations can include more basic ADL such as getting dressed or instrumental ADL (IADL) such as driving a car, cooking a meal or managing finances (AOTA, 2014) . Despite intact abilities to perform some ADL, people with MCI often experience difficulties with more complex occupations such as IADL (Jekel et al., 2015) and with technology use in other everyday occupations, for example, using a remote control when watching television, or ticket vending machines to purchase travel tickets (Rosenberg et al., 2009 ). Thus, performance in a range of everyday occupations may be adversely affected by the effects of cognitive impairment associated with MCI. A key focus of interventions for people with dementia has been on the promotion of independence and participation in everyday occupations such as ADL and IADL (for example, see Letts et al., 2011) . However, there remains a gap in knowledge about how interventions can improve performance in such everyday occupations for people with MCI. Technology prescription has been recommended in clinical practice guidelines in the United Kingdom and Australia as a potential intervention to facilitate independence for older people with dementia living in the community.
Technology can encompass both everyday and assistive technologies. Everyday technologies can be defined as electronic, technical and mechanical artefacts that exist in people's lives at home and in the community (Rosenberg et al., 2009) . Assistive technology refers to any device or system aimed at maintaining or improving an individual's function and participation (World Health Organization, 2016) .
While technology is highly relevant in many everyday occupations, challenges in technology use have been reported among people with MCI, and more so among people with dementia (Rosenberg et al., 2009 ). For example, Seelye and colleagues (2013) used technology-based prompts as a means for completing scripted IADL tasks by comparing persons with MCI with healthy controls. Those with MCI were in need of more prompts to complete the tasks than the controls. Although it is important to support people with dementia or MCI in their use of technology for as long as possible to facilitate their participation and engagement in everyday occupations (Rosenberg and Nyga˚rd, 2014) , it is not yet clear how best to achieve this goal.
Training in technology use is an important consideration. In a review study, positive effects of training strategies such as errorless learning, spaced retrieval, vanishing cues and verbal instructions was found on performance in everyday occupations and cognitive outcomes for people with dementia (Hopper et al., 2013) . However, it is unknown which training strategies are effective in promoting technology use for improving everyday occupations. Most studies so far have ignored the potential of selfinitiated strategies for learning and problem solving in people with MCI or dementia. In recent studies by Rosenberg and Nygard (2014; older adults with dementia or MCI described a number of self-initiated learning strategies when using existing technologies in their homes and the community and strategies for learning new technologies; for example, relying on automated actions or belonging to a social learning context (Rosenberg and Nyga˚rd, 2016) . However, these kinds of strategies have not yet been transformed into supportive interventions targeting technology use in everyday occupations or evaluated for their feasibility, efficiency or effectiveness.
Despite the important role that technology plays in everyday occupations and society more generally, including social and community-based activities (Nyga˚rd and Kottorp, 2014) , the type and extent of the evidence investigating the effect of technology use as a means of or as an outcome for facilitating performance in everyday occupations in people with mild-stage dementia or MCI is not known. Occupational therapists need evidence-based information to inform interventions focussing on technology use for enhancing everyday occupations in their clients with MCI. Knowledge in the most effective training strategies in technology use for enhancing everyday occupations is also needed.
This study aimed to review empirical studies evaluating: 1) the effect of technology use for improving performance in everyday occupations; and 2) the effect of training strategies in technology use on performance in everyday occupations, in people with mild-stage dementia or MCI.
Method Design
A scoping review study was conducted using recommended procedures (Arksey and O'Malley, 2005) . This methodology is suitable to use when the extent and nature of research on a health topic is unknown or needs summarising (Armstrong et al., 2011) .
Stage 1: identifying the research question
The two specific research questions guiding this scoping review were: 1) what technology-based interventions promote performance in everyday occupations in people with mild dementia or MCI living at home and 2) what training methods in technology use are effective in promoting performance in everyday occupations in people with mild dementia or MCI living at home?
Stage 2: identifying relevant studies
For inclusion in the review, studies had to involve participants with a diagnosis of mild-stage dementia (including Alzheimer's disease) or MCI living in the community. Studies reporting mixed diagnoses including persons with mild dementia were also included. In studies where levels of dementia were not specified, the study population was examined and judged to be either at mild or a more severe stage based on descriptions of the participants' independence in personal ADL (Auer and Reisberg, 1997) . Studies only involving participants with moderate-severe dementia were then excluded. Studies were included if they evaluated everyday or assistive technology use in relation to typical everyday occupations such as ADL or IADL using quantitative or qualitative research methods or both. The technologies included could be electronic, technical and mechanical equipment, products or services that exist in people's lives at home and in the community designed to compensate for the consequences of cognitive decline. Studies providing outcome data related to ADL, IADL or other everyday occupations potentially relevant to older people with MCI were included. Studies were excluded if they focussed solely on caregivers, did not use an interventional design, were conducted in residential aged care settings, focussed on outcomes related to cognition or psychological status or were studies solely evaluating the design and feasibility of the technology. Studies were limited to those published in English, covering the period from January 2000 to October 2016.
Nine electronic databases were searched (PubMed, CINAHL, ERIC, Ageline, Cochrane Library, OTseeker, PsycINFO, Social Sciences Abstracts, Sociological Abstracts) using a combination of the following broad search terms: technology, assist*, support, training, prevention, intervention, education, learning, MCI, dementia and activities of daily living. The search strategy was adapted to suit each database. Key journals including the Journal of Assistive Technology, Technology and Disability, Disability and Rehabilitation: Assistive Technology, Dementia and Gerontechnology were searched manually as were the reference lists of all studies included in this review.
Stage 3: study selection
In the studies retrieved from the searches, duplicates were removed and screening was conducted in two stages. First, all records were screened by AHP (first author) and nonrelevant studies were removed. In the second stage the remaining studies were independently screened by two authors (AHP and ML). Studies not meeting the inclusion criteria were excluded. The remaining full-text studies were then independently assessed for inclusion.
Stage 4: charting the data
The included studies were first sorted and categorised according to whether they focussed solely on the use of technology for improving performance in everyday occupations or evaluated a training strategy. Relevant data from each study were then extracted, including year and country of publication, participant diagnosis, sample size, study design, study aims and context, technology type, teaching or learning strategies used within the study and study outcomes.
Stage 5: collating, summarising and reporting the results
The studies were summarised descriptively and compared for similarities and differences (Arksey and O'Malley, 2005) . Critical appraisal of each study was not conducted as the purpose of this scoping review was to identify and review published, peer-reviewed, empirical studies on this topic (Armstrong et al., 2011) .
Results
The searches resulted in 1462 records (excluding duplicates); after initial screening 190 records remained for the second screening stage, leaving 55 full-text studies.
These studies were assessed for eligibility leaving 14 studies for inclusion, see Figure 1 .
Key characteristics of the included studies are presented in Table 1 . Nine studies were published after 2008 (64%). Most studies were conducted in Europe (n ¼ 10, 71%). Quantitative research designs were most common (n ¼ 13, 93%) and a range of dementia diagnoses were reported across the studies. Only one study included a subsample of people with MCI. While telephones were the most common technology evaluated (n ¼ 5, 36%), a range of technologies were reported.
Using technology to improve performance in everyday occupations
Six studies evaluated the use of assistive technologies for improving performance in different everyday occupations (Table 2 ). Most studies focussed on IADL outcomes (n ¼ 4). Jentoft et al. (2014) investigated the introduction of a simple remote control (SRC) for television in a young sample. Findings from the qualitative interviews indicated that the device was easy to learn and enhanced independence in use. In the study by Nyga˚rd and Johansson (2001) time aids were tailored to suit five participants needing assistance in time orientation. While two participants were able to recognise the time, the use of the time aids did not improve their ability to plan or remember appointments. The use of a tailored electronic reminder system was investigated in one study but no improvement in performance on ADL or IADL tasks was found (O'Neill et al., 2011) . A tracking device was evaluated by Pot et al. (2012) , with five (18%) participants reporting more independence outdoors. Video-technology was used by Smith et al. (2007) to remind participants to take their medication. Medication compliance was significantly higher in those using the video-technology compared to those receiving a telephone call or no reminder. Topo et al. (2002) investigated a device for aiding telephone communication. After 2 months of use four of the six participants enhanced their telephone-using skills.
Training in technology use to improve occupational performance
Eight studies evaluated the effect of training in the use of technologies for improving occupational performance. Most studies reported the effect of training on IADL outcomes (n ¼ 6). Three studies focussed on training in everyday technologies familiar to the study participants (Table 3) .
In a study by Avila et al. (2004) five participants received memory and IADL skills training, for example, in telephone use. Improvements on functional skills in using the telephone were reported following intervention. In a case study by Bier et al. (2008) , one participant was trained in the use of a cassette player. Spontaneous use remained challenging and integration of the cassette player into daily routines did not occur. In the study by Lekeu et al. (2002) two participants who were unable to independently make calls using their own mobile phone were able to use the correct steps to make a call without any cueing following a multicomponent training programme.
Five studies evaluated the effect of training in the use of assistive (n ¼ 3) or everyday (n ¼ 2) technologies unfamiliar to the participants. Imbeault et al. (2014) investigated whether training in the use of a tailored electronic organiser could increase performance and memory in IADL tasks for two participants. There was no difference in the impact of memory problems on IADL after the training. In the study by Perilli et al. (2013) five participants dependent on making phone calls were trained in the use of a computer-aided telephone programme. During the intervention phase all participants were able to make independent phone calls using the programme. Lancioni et al. (2010) used verbal instruction technology to help nine participants recapture functional ADL and IADL tasks, with seven successfully completing most of the steps required in each task. In another study by Lancioni and colleagues (2015) , three participants were trained in the use of a technology enabling music selection. During the intervention phase there was an increase in self-initiated and independent activation of the music technology by the participants. van Tilborg et al. (2011) compared methods for training in the use of two technologies new to the participants. On total, 10 participants (84%) improved in their ability to use the devices with no differences in training methods observed.
Discussion and implications
Only 14 studies were found investigating technology-based interventions or training in technology use on Figure 1 . PRISMA flow diagram of study identification and selection (Moher et al., 2009 ). Mild AD (n ¼ 4), dementia (n ¼ 3), mild and moderate dementia (n ¼ 4), AD, early dementia, mixed severity of dementia symptoms Study design Quantitative (n ¼ 13): single case experimental design (n ¼ 5), case study (n ¼ 4), single group before and after design (n ¼ 2), controlled trial, case series, qualitative Study setting Home (n ¼ 5), dementia centre/service (n ¼ 4), not stated (n ¼ 3), outpatient service (n ¼ 2) Technologies evaluated Telephones (n ¼ 5), electronic organiser, television remote control, verbal instruction technology (MP3 player or personal stereo), tracking technology, tele-monitoring, microwave, coffee machine, calendar, cassette player, time aids, laptop computer micro switch for music selection AD, Alzheimer's disease To evaluate the effectiveness of a tracking device on outdoor independence.
IADL: community mobility
Self-reported yes/no response to the question; 'Do I go outside more often as a result of using the GPS?' Data analysed descriptively using frequencies and percentages.
After 3 months, five participants (18%) reported that they were more often outside on their own without their caregiver.
Smith et al. (Laver et al., 2016) . A recent review investigating the use of assistive technology for improving memory problems and ADL performance in people with dementia has similarly reported a lack of studies (Van der Roest et al., 2017).
In that review, no study was found that met their inclusion criteria, with the authors concluding that high-quality studies are urgently needed on this topic. The current review identified only six studies evaluating technology-based interventions with the purpose of improving performance in everyday occupations. The studies reported mixed findings within and across studies. The technologies investigated in these studies had all been designed for each study and tailored to improve the lives of the participants. While some participants were able to use the technology following the intervention, incorporating the technology into everyday life was challenging for some and not possible for others. Seeing the benefits of the technology was an important factor for success reported in one study (Nyga˚rd and Johansson, 2001) .
Eight studies in this review evaluated various training strategies for improving the use of technologies that were either familiar or new to the study participants. All studies evaluating the effect of training provided limited justification for the selection of the technology used during the intervention, particularly from the perspectives of the participants. In four studies the training methods were not explicitly described and only one study compared different training approaches (van Tilborg et al., 2011) . The combination of errorless learning, cueing and spaced retrieval training strategies were reported in two case studies (Bier et al., 2008; Lekeu et al., 2002) , resulting in some success in technology use and a positive effect on IADL or leisure participation outcomes. The use of this combined training technique in a randomised trial has also been shown to have positive effects on IADL performance for people with dementia (Thivierge et al., 2014) . Thus, combined training strategies may be a potentially effective approach in facilitating the use of technologies by people with mildstage dementia to enhance IADL outcomes. Despite this potential, it is unknown whether the learning achieved using these techniques with one type of technology results in a transfer of learning to other technology types (Bier et al., 2008; Rosenberg and Nyga˚rd, 2014) . Other potentially useful learning strategies have been reported in the broader literature. In one study exploring how people with dementia tried to learn technology (for example, a new function on a computer or using a mobile phone) based on their own initiative, none of the traditional approaches to learning were utilised (for example, spaced retrieval, errorless learning). The findings indicated that a learning process based on self-initiated learning strategies in a wellknown context may transfer knowledge across situations and technologies (Rosenberg and Nyga˚rd, 2016) . Thus, there is a need to not only explore the potential of technologies for enhancing everyday occupations, but to also explore the mechanisms involved in the learning process.
Improving telephone use by participants was the focus of four studies. Better proficiency in telephone use was seen in those studies using a specific training strategy (Avila et al., 2004; Lekeu et al., 2002 and Perilli et al., 2013) compared to the provision of the technology alone (Topo et al., 2002) , indicating the need for structured training approaches.
Of the 13 quantitative studies, most were single-group studies with sample sizes ranging from one to 28 participants, with only one study using a controlled trial design (Smith et al., 2007) . The methods used to measure all outcomes differed across studies making comparison of approaches and training effects difficult. In addition, few studies used standardised assessments to measure outcomes, a limitation that has been reported by others (Struckmeyer and Pickens, 2016) . The lack of a control group (including randomisation) in combination with non-validated outcome measures and a lack of follow-up weakens the evidence from this review. In future, the use of more-robust study designs to evaluate the effectiveness of interventions for enhancing technology use and performance in everyday occupations through the use of technologies are recommended. Only one study was identified including people with MCI, which is concerning given the prevalence of MCI among people living in the community, and the clear evidence of problems with IADL and technology use in this population (Rosenberg et al., 2009) . As well, this group usually demonstrates overall higher functioning in IADL and technology use than people with dementia (Nyga˚rd and Kottorp, 2014) . Thus, their potential to benefit from technology interventions to improve or maintain IADL ability in particular may be higher.
Despite limiting the included studies to those published between 2000 and 2016, many of the technologies evaluated in this review are now superseded or unavailable. This finding suggests that evaluation studies should focus more on generic aspects of the interaction between people and technologies in everyday life activities, rather than focusing on particular technologies. This finding also highlights the importance of generating more generic knowledge regarding technology interventions for people with dementia. Empirical studies using theories and models that transcend the specific technologies trained and used, and that focus on generic technology features and complex interactions, as well as learning and adaptation strategies, could to some extent compensate for the rapid technological developments in society at large. As the evidence suggests that people with dementia are more influenced by the growing and changing technological landscape than their healthy peers (Malinowsky et al., 2015) , it is even more crucial that current intervention evidence is in line with this ever-changing technological landscape.
The findings from this scoping review underscore the importance of now moving forward with more theoretically informed studies focusing on the needs of older people with cognitive impairments, which are based on more clearly stated intervention models using outcomes for both technology use and performance in everyday occupations.
Limitations
Potentially relevant studies may not have been retrieved using the search strategies developed for this review. Despite this limitation, we established strict inclusion criteria, searched a large number of databases using broad search terms and conducted multiple regular searches to ensure a comprehensive and current approach to study identification.
Conclusion
Few studies have been conducted evaluating the use of technologies for improving everyday occupations. While some positive effects have been reported on performance in IADL, particularly in relation to communication and telephone use, the disparate nature of the study methods, choice of technologies and conflicting findings across studies limit definitive conclusions. Training interventions in technology use have focused mostly on IADL outcomes such as telephone use. Combined training strategies incorporating errorless learning, cueing and spaced retrieval methods may facilitate technology use leading to positive effects on IADL and leisure participation. Studies focussing on people with MCI using more rigorous designs and validated outcome measures are needed to confirm these findings.
Key findings
. 
What the study has added
The study identified extent and nature of current research investigating the use of technology for improving performance in everyday occupations, in people with MCI or mild-stage dementia, highlighted promising training strategies and made recommendations for strengthening future studies on this topic.
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